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Abstract
If the magnetic moment of unstable tau neutrinos with the mass of
O(MeV) is in the region of 10−8µB . µντ . 10
−6µB , it is compatible with
the present experimental and cosmological bounds.
It is pointed out here, that if the tau neutrino has such a large magnetic
moment and can oscillate into a neutrino of another flavour the results from
νe scattering experiment at LAMPF constrain the tau neutrino mixing
angles to sin22θeτ . 2 × 10
−6 − 2 × 10−2 and sin22θµτ . 10
−6 − 10−2
depending on the magnetic moment value in the allowed region.
In many extensions of the standard model the neutrino acquire a nonzero mass
and a magnetic moment (for review see e.g. [1]). Usually large magnetic moment
imply large masses. In the simplest extension, for example, neutrino masses and
magnetic moment are proportional [2, 3]. A nonzero mass of the neutrino is also
required for Cosmology to solve the problem of dark matter in the Universe. It is
generally assumed that massive tau neutrinos are natural candidates for the hot
component of the dark matter of the Universe, see e.g. ref. [4]. But they cannot
provide an explanation for a cold dark matter, because of constraints from relic
abundance. However, as was proposed by Giudice [5], a stable (or quasi-stable in
cosmological times) tau neutrino with a mass in the range from ≃1 MeV up to
the present experimental upper limit of 25 MeV and a magnetic moment µντ as
large as ≃ 10−6 Bohr magneton (µB = e/2me) could be a possible candidate for
a cold dark matter particle.
Experimental limit from BEBC (CERN), µντ < 5.4× 10
−7µB [6], and revised
calculations of the evolution and freeze-out of the tau neutrino number density,
ref. [7], definitely rule out Giudice’s hypothesis. However, it was pointed out,
that if the tau neutrino is an unstable particle with the lifetime exceeding one
second, a band of magnetic moment values
10−8µB . µντ . 10
−6µB (1)
remains compatible with experimental and cosmological bounds [7].
In this case, if the magnetic moment of ντ exists, massive tau neutrinos could
manifest themselves in terrestrial experiments through the effect of νµ(νe) → ντ
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neutrino oscillations [8], or, since magnetic moment value of 10−8µB . µντ .
10−6µB is large enough, through tau neutrino electromagnetic interactions, or
through combined effect.
In the recent paper, ref. [9], it was shown that combined existence of νµ →
ντ and/or νe → ντ oscillations and a large nonzero magnetic moment of the
tau neutrino would increase the total rate of events in νµ(νe) neutrino- electron
scattering experiments. The basic idea is rather simple.
Assuming that a muon neutrino beam has a component of tau neutrinos due
to νµ → ντ oscillations. In case of two-neutrino mixing neutrino states evolve
with a time t as
|ν > (t) = a(t)|νµ > +b(t)|ντ , µντ 6= 0 > (2)
where |νµ > and |ντ > denote weak eigenstates of νµ and ντ neutrinos, and
a2(t), b2(t) are the probabilities to find νµ or ντ in the beam at a given moment t,
respectively. It is assumed that a2(0) = 1 at t = 0. The probability b2(t) depends
on the parameters of νµ − ντ oscillations as [10]:
b2(t ≃
L
c
) = P (νµ → ντ ) = sin
22θµτsin
2
∆m2L
4E
(3)
or
P (νµ → ντ ) ≈ sin
22θµτsin
2
1.27∆m2(eV 2)L(km)
E(GeV )
(4)
where sin22θµτ is the mixing angle, and ∆m
2 =
∣
∣m2
3
−m2
2
∣
∣ is the difference
of squares of the mass eigenstates in eV 2, E is the neutrino energy in GeV, and
L is the mean distance between the neutrino source and the detector in km. In
the above formulas it is also assumed that magnetic field B is weak enough not
to affect the probability of oscillations P (νµ → ντ ), i.e. ∆m
2/2E ≫ µντB [11].
Then if magnetic moment of the ντ exists, it will contribute to a non-coherent
part of the ντe
− scattering cross section via the reaction that change the helicity
of the tau neutrino (hence right-handed neutrino states should exist). This might
result in observable deviations from purely νµe
− electro-weak reaction which is
well predicted by the SM. Indeed, since the electromagnetic cross section is or-
ders of magnitude larger than the weak cross section, even a small fraction of
tau neutrinos with nonzero magnetic moment in the muon neutrino beam could
lead to an observable effects in νµe
− scattering, while the magnetic moment of
muon neutrino could be small enough to contribute effectively to νµe
− scatter-
ing. The production rate of isolated electrons via ντe
− scattering in the detector
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depends also on the probability P (νµ → ντ ) to find a ντ neutrino in the neu-
trino beam. This probability can be calculated from the neutrino survival and
transition probabilities using Eqs.(3,4).
This effect can be used to constrain mixing angles of the tau neutrino with
neutrino of another flavours. It was shown, ref. [9], that using the results obtained
from the experiment on study of the νee
− elastic scattering at LAMPF, ref. [12],
the following combined limits on the mixing angles and tau neutrino magnetic
moment for ∆m2 & 10 eV 2 can be derived
sin22θeτ × µ
2
ντ
≤ 2.3× 10−18µ2B (5)
sin22θµτ × µ
2
ντ
≤ 1.1× 10−18µ2B (6)
Note, that if the tau neutrino mass is in the range from ≃ 1 to 25 MeV then
∆m2 =
∣
∣m2
3
−m2
2
∣
∣≫ 10 eV 2 (7)
since the m2 mass is experimentally measured to be smaller than 160 KeV/c
2
[13].
Assuming the tau-neutrino magnetic moment to be in the range of 10−8µB .
µντ . 10
−6µB the following limits on the mixing angles can obtained from
Eqs.(5,6)
sin22θeτ . 2× 10
−6 µντ ∼ 10
−6µB (8)
sin22θeτ . 2× 10
−2 µντ ∼ 10
−8µB (9)
sin22θµτ . 10
−6 µντ ∼ 10
−6µB (10)
sin22θµτ . 10
−2 µντ ∼ 10
−8µB (11)
The limits are valid for the mass region ∆m2 & 10 eV 2 which is consistent
with the mass region given by Eq.(7). They are obtained under assumption of
combined existence of neutrino oscillations and a (large) magnetic moment of the
tau neutrino. Nevertheless, it is interesting to compare them with the present
experimental limits of sin22θeτ < 0.15 obtained from νe → νx disappearance
reactor experiments in Bugey [14] and in Krasnoyarsk [15], or sin22θµτ < 0.01
for νµ → ντ , obtained from the exclusion plot of ref.[16] for ∆m
2 > 10 eV 2. For
µντ ∼ 10
−6µB, the limit from Eq.(10) is also more stringent than the prelimi-
nary experimental limits of sin22θµτ < 3.5 × 10
−3 from the CHORUS [17], or
sin22θµτ < 3.7× 10
−3 from the NOMAD [18] experiments at CERN obtained for
the mass region ∆m2 > 1000 eV 2.
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On the other hand, if CHORUS or NOMAD will find νµ → ντ oscillations one
would expect sin22θµτ ≃ 10
−4 for the large ∆m2. In this case, using Eqs.(1,6)
one can obtain that a small window around µντ ∼ O(10
−7)µB might still be of
interest for searching for tau neutrino magnetic moment.
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